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During the emerging COVID-19 (coronavirus disease 2019) pandemic, initially there were no proven treat-
ment options. With the release of randomised controlled trial (RCT) results, we are beginning to see
possible treatment options for COVID-19. The RECOVERY trial showed an absolute risk reduction in mor-
tality by 2.8% with dexamethasone, and the ACTT-1 trial showed that treatment with remdesivir reduced
the time to recovery by 4 days. Treatment with hydroxychloroquine (HCQ) and lopinavir/ritonavir did not
show any mortality benefit in either the RECOVERY or World Health Organization (WHO) Solidarity trials.
The National Institutes of Health (NIH) and Brazilian HCQ trials did not show any benefit for HCQ based
on the seven-point ordinal scale outcomes. The randomisation methodologies utilised in these controlled
trials and the quality of published data were reviewed to examine their adaptability to treat patients. We
found that the randomisation methodologies of these trials were suboptimal for matching the studied
groups based on disease severity among critically-ill hospitalised COVID-19 patients with high mortality
rates. The published literature is very limited regarding the disease severity metrics among the compared
groups and failed to show that the data are without fatal sampling errors and sampling biases. We also
found that there is a definite need for the validation of data in these trials along with additional impor-
tant disease severity metrics to ensure that the trials’ conclusions are accurate. We also propose proper
randomisation methodologies for the design of RCTs for COVID-19 as well as guidance for the publication
of COVID-19 trial results.

Keywords:

COVID-19

Randomised controlled trial
Methodology

© 2020 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

health experts and clinicians treating patients are relying on the
results from recently released randomised controlled trials (RCTs)

1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by the novel
coronavirus SARS-CoV-2 (severe acute respiratory syndrome coron-
avirus 2). Because of the sudden pandemic outbreak, there were no
initial recommended treatments for COVID-19. Clinicians are look-
ing for new or existing options that can help to guide the treat-
ment of their patients. In the absence of detailed literature, top
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for COVID-19 treatment.

A properly performed randomised trial is always superior and
provides the highest quality data. Any large, well-designed RCTs
should evenly distribute known and unknown factors among the
intervention and control groups in order to minimise the poten-
tial for bias [1]. However, the large proportion of negative tri-
als is a problem in critical care settings [2], which is largely due
to heterogeneous patient populations and variable disease pre-
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Table 2
Respiratory support at randomisation and proportion of deaths in each group
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No oxygen [n (%)]

On oxygen * [n (%)]  Invasive mechanical ventilation/ECMO [n (%)]

Proportion of patients randomised based on respiratory support [4-7]
RECOVERY-Dexamethasone (n = 6425) 1535 (23.9)
RECOVERY-Hydroxychloroquine (n = 4716) 1112 (23.5)
RECOVERY-lopinavir/ritonavir (n = 4972) 26

ACTT-1 remdesivir (n = 1059) (missing data n = 42 from Table 2) 127 (12.0)

Proportion of deaths in each group-randomisation based on respiratory support

RECOVERY-Dexamethasone (Fig. 3) Deaths (n = 1592) 234 (14.7)
RECOVERY-Hydroxychloroquine (Fig. 3) deaths (n = 1206) 156 (12.9)
ACTT-1 remdesivir (Table 2) Day 15 score data, deaths (n = 88) 2 (2.3)

3883 (60.4) 1007 (15.7)
2811 (59.6) 793 (16.8)
70 4

421+197 (58.3) 272 (25.6)
980 (61.6) 378 (23.7)
724 (60.0) 326 (27.0)
50 (56.8) 33 (37.5)

ECMO, extracorporeal membrane oxygenation.

2 RECOVERY trials, oxygen-only respiratory support received at randomisation; ACTT-1 trial, patients both in Group 5 (supplemental oxygen) and Group 6 (non-

invasive ventilation or use of high-flow oxygen).

of patients with the same baseline oxygen requirement and co-
morbidities can have an expected 5-27.6% mortality risk based on
their disease severity if the SOFA or NEWS score is applied [12,15].
Table 2 illustrates that all three of the groups randomised based
on respiratory support, particularly the majority of patients ran-
domised to the oxygen group in these trials, will be at an even
greater risk for disease severity heterogenicity and unpredictability
of their outcomes, creating the conditions for a very high chance
of fatal sampling errors unless the disease severity metrics are as-
sessed as part of the randomisation [4-7,10]. Most importantly, the
majority of deaths occurred among patients who were randomised
to the oxygen group, with 61.6% of total deaths in the RECOVERY-
dexamethasone trial and 56.8% of total deaths in the ACTT-1 trial
[4,5]. Since the mortality rate was as high as 26.6% among all sub-
jects in these trials, the SOFA or NEWS score mismatch (5.0-27.6%
variability in mortality) among the groups in these randomised tri-
als can itself create fatal sampling errors (type I or type II). For
example, the RECOVERY trials were only powered for an absolute
difference of 4 percentage points between the two arms [5,6,33],
and any sampling errors that would have caused 11 less deaths
than what was observed in the dexamethasone arm or 24 more
deaths than what was observed in the usual care arm may result
in the loss of statistical significance for dexamethasone in the RE-
COVERY trial. These variances of 11 or 24 deaths among the two
compared arms only account for 0.69-1.51% of the total deaths
(n = 1592) in the RECOVERY-dexamethasone trial, which signi-
fies the uncertainties in the conclusions reached that would have
caused a high probability of type I and/or type II errors (a copy of
the statistical analysis is provided in the Supplementary material).
Similarly, the same type I or type Il fatal sampling errors can occur
in all other randomised trials since the randomisation methodolo-
gies were also similar.

Based on the data from Tables 1-3, we strongly believe that
there is a chance for the occurrence of more than a 4% sam-
pling error(s) in these RCTs, as they did not randomise patients
based on COVID-19 disease severity for varying levels of hypox-
aemia (Pa0,/FiO, ratio) including the standardised metrics for dis-
ease severity in these critically-ill hospitalised patients and cannot
yield high-quality data.

2.1. Adaptive COVID-19 Treatment Trial (ACTT-1)

This was a double-blind, placebo-controlled randomised trial
that evaluated the safety and efficacy of remdesivir in hospitalised
patients with a primary endpoint of time to recovery. This trial al-
located patients to four groups [Group 4, not requiring supplemen-
tal oxygen; Group 5, requiring supplemental oxygen; Group 6, re-
ceiving non-invasive ventilation or high-flow oxygen; and Group 7,
receiving invasive mechanical ventilation or extracorporeal mem-

brane oxygenation (ECMO)] based on respiratory support received
at randomisation [4].

2.2. Randomized Evaluation of COVID-19 Therapy (RECOVERY) trial

This was an open-label 2:1 randomised trial to evaluate the ef-
ficacy of low-dose corticosteroids (dexamethasone), HCQ and LPV/r
in hospitalised COVID-19 patients with the primary endpoint of
mortality benefit. Patients were assigned to three groups based on
the respiratory support received at randomisation [5-7].

The trial randomised 2104 patients in the dexamethasone trial
and followed the initial goal of assigning 2000 patients to the ac-
tive drug treatment arms, but they only enrolled 1561 patients in
the HCQ arm and 1596 in the LPV/r arm before the trials were ter-
minated [5-7]. The trial enrolled a varying proportion of patients
to the invasive ventilation group (4% in LPV/r, 15.7% in dexametha-
sone and 16.8% in HCQ trials) [5-7].

2.3. Outcomes Related to COVID-19 treated with Hydroxychloroquine
among In-patients with symptomatic Disease (ORCHID) trial

This was an investigator-initiated, blinded, placebo-controlled,
randomised trial evaluating HCQ for the treatment of hospitalised
patients with COVID-19. The primary endpoint was seven-point or-
dinal scale outcomes at Day 15, and the protocol noted an initial
plan to enrol 510 patients [8,9,35]. However, the trial was prema-
turely terminated with the enrolment of only 479 patients owing
to an observed lack of benefit [8,9,35]. This trial was not powered
for mortality benefit and the time to recovery endpoints [36].

2.4. Coalition COVID-19 Brazil I Investigators hydroxychloroquine trial

This was an open-label trial (1:1:1 randomisation) and patients
with mild-to-moderate COVID-19 were allocated based on the res-
piratory support received at randomisation. The primary endpoint
was seven-point ordinal scale outcomes and the trial enrolled 665
patients [10]. The trial did not show any benefit with HCQ for the
studied seven-point ordinal scale outcomes.

2.5. World Health Organization (WHO) Solidarity trial platform

This was an open-label RCT that employed four arms in a
1:1:1:1 ratio randomisation to either the control, LPV/r, HCQ or
remdesivir arms, with all-cause mortality as the primary endpoint
in the Canadian Solidarity trial. The protocol allowed the individual
countries participating in the trial to customise the protocol with
an option to combine interferon beta-1a (IFN-B-1a) with the LPV/r
arm. Following recruitment of 5500 patients as of 1 July 2020, they
discontinued the trial’s HCQ and LPV/r arms that showed no mor-
tality benefit [11,34,37].



Table 3
Randomised controlled trials for hospitalised COVID-19 patients, randomisation plan and COVID-19 disease severity status at randomisation.
RECOVERY- Brazil
RECOVERY-Dexamethasone Hydroxychloroquine ACTT-1 remdesivir NIH/NIAID ORCHID trial hydroxychloroquine WHO Solidarity trial
Trial design Open-label, Open-label, Double-blind, Investigator-initiated, Open-label Open-label (individual

Allocation plan

Randomisation plan

Primary endpoint

Sample size goal

Power of trial for primary
endpoint

Final enrolment (n)

Early termination

investigator-initiated

1:2 allocation (active
treatment:usual care)

Respiratory support (no
oxygen, oxygen, invasive
mechanical ventilation)

28-day mortality

2000/4000

>90% power at two-sided
P =0.01

2104/4321

No

Randomisation based on COVID-19 disease severity

Varying levels of baseline
hypoxaemia (PaO,/FiO,
ratio)

NEWS, SOFA or mSOFA
score

Biochemical markers of
disease severity

Total deaths-all subjects in
the trial

Mortality rate (%)-all
subjects in the trial

No

No
No
1519

23.6% (28-day mortality)

investigator-initiated

1:2 allocation (active
treatment:usual care)

Respiratory support (no
oxygen, oxygen, invasive
mechanical ventilation)

28-day mortality

2000/4000

>90% power at two-sided
P =0.01
1561/3155

Yes, before 2000/4000
reached

No
1206

25.6% (28-day mortality)

placebo-controlled

1:1

Respiratory support
(Groups 4-7)

7-point ordinal scale
changed to time to
recovery

572, changed to continued
enrolment to assure 400
recoveries

85% power for detecting a
recovery rate ratio of
1.35 with a two-sided
type I error rate of 5%

1063

Continued after 572 to
ensure >400 recoveries
and to address subgroup
analysis

No

No
No
87

8.2% (no. of deaths at 14th
day)

blinded,
placebo-controlled
1:1

Respiratory support

7-point ordinal scale

510, stopped after 479

90% power to detect an
odds ratio of 1.82 with a
two-sided significance
level of P < 0.05

479

Yes, lack of benefit

No

No
No
Not published

Not published

1:1:1 randomisation

Patients with mild
disease
7-point ordinal scale

630

80%

665

18

2.7% (hospital
deaths)

countries can customise
protocol)

:1:1:1 (control,
lopinavir/ritonavir +
interferon-beta-1a,
hydroxychloroquine and
remdesivir arms)
Hospitalised patients

—_

All-cause mortality

~50 000

Not published

5500 patients as of 1 July
2020

Lopinavir/ritonavir and
hydroxychloroquine
terminated early due to
lack of benefit

No

No
No
Not published

Not published

COVID, coronavirus disease 2019; NEWS, National Early Warning Score; SOFA, Sequential Organ Failure Assessment; mSOFA, modified Sequential Organ Failure Assessment.
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3. Are the conclusions of these randomised trials with
sampling errors valid in providing guidance for treatment
options during this pandemic?

Many RCTs for COVID-19 were designed at the beginning of the
pandemic when we did not know much about the COVID-19 dis-
ease process. Since then, we know more about the epidemiology
of this disease and the disease severity indicators that can prog-
nosticate patients who are at increased risk for worse outcomes
[12-20,22-32]. Based on disease prognostic markers that we know
now, it is apparent that the completed randomised trials with lim-
itations in randomisation methodologies failed to show whether
the compared groups were matched for important disease sever-
ity indicators to avoid sampling errors.

It is understandable that there is an urgent need to find ther-
apeutic options that do not currently exist in the middle of this
pandemic, but it is also equally important to plan randomised clin-
ical trials and then critically analyse the data with currently known
prognostication markers that will be helpful to improve the anal-
ysis of data and/or protocol revisions of ongoing randomised trials
and the design of any future randomised trials.

In the randomisation of the ACTT-1 trial, an excess of 23 very
sick patients were randomised to the placebo group on mechanical
ventilation (n = 22) or high-flow oxygen (n = 1), and 30 additional
patients with less severe disease who were on oxygen nasal canula
(n = 23) and not on supplemental oxygen (n = 7) were randomised
to remdesivir [5]. These 53 patient mismatches could easily have
created a positive outcome for the studied endpoint (time to re-
covery) in favour of the trial drug remdesivir. Data on 42 patients
from Table 2 of the publication are missing, and the allocation of
these patients among Groups 4-7 is not clear. In addition, there is
also potential for a mismatch in the other disease severity indica-
tors (NEWS) along with a possible mismatch in Group 5 patients
in the placebo arm and Group 6 patients in the remdesivir arm
with a high death/ventilation ratio, signifying multiorgan failure
that could be the cause of more deaths. This variability of remde-
sivir benefit among the treatment groups is suggestive of varying
levels of disease severity (NEWS mismatch) rather than the poten-
tial efficacy of the studied drug in one group and the lack of effi-
cacy for the same in the other group.

Of the RCTs with mortality outcomes, sampling errors with lim-
itations in randomisation methodologies would have caused type I
and type Il errors both in the RECOVERY and WHO Solidarity trials
[5,6,10,11,38]. The RECOVERY-dexamethasone trial followed their
goal of assigning 2000 patients to the active drug treatment arm in
order to adequately power the study [5]. The HCQ and LPV/r stud-
ies were terminated early both in the RECOVERY and WHO Solidar-
ity trials with a smaller sample size in each arm, which may have
underpowered these trials, unlike the RECOVERY-dexamethasone
trial [6,7,11] (if 28-day mortality was 20%, the allocation of at least
2000 patients to the active treatment arm would yield >90% power
at two-sided P = 0.01 to detect a proportional reduction of one-
fifth [5,6,33]).

Of the RCTs with time to recovery and seven-point ordinal scale
outcomes, the obvious sampling biases and NEWS mismatches
with suboptimal randomisation methodologies may have caused
type I errors for remdesivir in the ACTT-1 trial [4]. The Brazilian
HCQ and the NIH ORCHID trials may have similar disease severity
mismatches and they may not be powered enough, like the ACTT-
1 remdesivir trial which continued beyond their initial enrolment
goal in order to sufficiently power the study [36]. Underpowering
of any trial with insufficient sample size may result in the trial
showing lack of benefit for an intervention even when one exists
[39,40].

Sampling bias can also occur from the timing of therapy relative
to the onset of illness. For example, in the RECOVERY-HCQ trial,
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the median time since the onset of symptoms was 9 days in the
treatment arm and usual care arm. However, in the RECOVERY-
dexamethasone trial, the median time since the onset of symp-
toms was 8 days in the treatment arm and 9 days in the usual
care arm [5,6]. A relatively high toxic dose of HCQ was used in the
RECOVERY-HCQ trial [6], and the importance of the potential ther-
apeutic synergistic mechanism of zinc sulfate with HCQ was not
explored in any of the RCTs [41-43].

The Solidarity trial platform also allowed individual countries
participating in the trial to customise the protocol, which can re-
sult in high heterogenicity in the enrolment of patients in the trial
that can cause difficulties in analysing the data from heterogeneous
populations and in interpreting the results [44].

Limited information exists in the current randomised trials
about monitoring for cardiac abnormalities, and specifically how
to adjudicate the cause and effect of cardiac rhythm abnormalities
where a significant proportion of patients may require admission
to the intensive care unit (ICU) and/or may need mechanical ven-
tilation, vasopressor use and other drugs that can prolong the QT
interval with associated hypoxaemia, electrolyte imbalance and/or
acidosis that can potentially cause cardiac arrythmias [45-51]. The
existence of these confounding factors in COVID-19 patients with
severe disease and high mortality rates can independently cause
cardiac arrhythmias in addition to the potential causation from the
studied trial intervention.

Despite these unforeseen limitations of the RCTs that were not
known initially, the following analysis can correct these limitations.
A comprehensive review of the raw data of the whole study co-
hort should be performed to identify variables that can indepen-
dently predict worse outcomes in the study cohort. For example,
in the RECOVERY and ACTT-1 trials, an analysis of the data can
be conducted on varying levels of hypoxaemia (PaO,/FiO, ratio),
disease severity using standardised metrics (NEWS, SOFA score or
an equivalent metric) and biochemical markers of disease sever-
ity among patients in three respiratory support groups. For the
ACTT-1 trial, the data should be adjusted for the 53 patients who
were randomised against the placebo in favour of the study drug
remdesivir. Based on analysis of the baseline disease severity data
in both compared groups, a standardised statistical analysis can be
performed to correct for any biases that are observed in any of
the randomised groups. The data should also adjust for any bias in
outcomes owing to delays in the starting of treatment relative to
the onset of symptoms to ensure both the treatment group and the
control group are adequately matched in each respiratory subgroup
that the patient is randomised to.

The strength and limitations of RCTs were detailed in a review
article and, despite their strengths, RCTs have significant limita-
tions, including lack of external validity in the application of the
findings to populations outside the study [1]. These trials can take
years to execute and there are difficulties in performing RCTs for
any infectious disease outbreaks rapidly on the basis of limited
data that are available [1]. In light of the limitations of the cur-
rent randomised trials for COVID-19, it will be counterproductive
to give more importance to these RCTs at the expense of other po-
tentially useful sources of data [1], especially during this public-
health emergency where observational studies can yield highly
valuable information that will be helpful in designing better ran-
domised trials for any current and/or future infectious disease pan-
demics. A recent meta-analysis of chloroquine derivatives in the
treatment for COVID-19 showed benefit by improving clinical and
virological outcomes in addition to reducing mortality by a factor
of 3, and electronic registry data analyses that did not show ben-
efit were associated with a lack of basic treatment definitions and
conflicts of interest [52]. Multiple other observational studies have
also showed a benefit of HCQ therapy in COVID-19 patients [53-
58]. It is also important to understand inclusion/exclusion criteria
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and the modes of statistical analysis that were utilised in the ob-
servational studies of any intervention, particularly in the case of
HCQ for COVID-19 treatment. For example, some of these observa-
tional studies that showed a lack of benefit with HCQ for COVID-19
treatment included patients with moderate-to-severe disease with
clinical deterioration that were given HCQ and compared them
with stable patients with mild disease who did not receive HCQ
[59-63]. In addition, some of the studies did not exclude deaths
that occurred during the first 24-48 h of admission that would
have biased findings against HCQ [61,62]. Among the three obser-
vational studies from the US East Coast that did not exclude the
first 24-48 h deaths, with similar mortality rates (21.7%, 21.8% and
20.3%) in all subjects with the majority of the patients receiving
HCQ (75.9%, 76.2% and 70%), the first study performed a statis-
tical analysis among all subjects and found that the use of HCQ
was associated with decreased in-hospital mortality [57]. The other
two studies compared moderate-to-severe disease patients who re-
ceived HCQ to patients with mild disease who did not receive HCQ
and reported a lack of benefit with HCQ for COVID-19 [60,61]. This
shows that statistical analysis of raw data by normalising all the
variables that could impact the outcomes of treatment interven-
tion is a must.

Although a small number of RCTs were subjected to re-analysis
in the published data, re-analysis of RCT data from a sample com-
prising 36 articles showed that 35% of published re-analyses re-
sulted in different conclusions compared with those of the origi-
nal articles [64]. The recent retraction of two publications pertain-
ing to COVID-19 from highly reputed journals reinforces the ben-
efits of careful analysis of the raw data from any clinical research
study, instead of rushing it into the public domain that could po-
tentially misguide clinicians and have adverse effects on society
[65-68].

4. Suggestions for improvement of randomisation
methodologies for randomised controlled trials

4.1. Need for a systematic approach to randomisation

COVID-19 is a multisystemic disease with the potential for rapid
deterioration of the condition at any level of baseline respiratory
status. In addition to baseline hypoxaemia (PaO,/FiO, ratio), ran-
domisation should also include disease severity based on the SOFA
or NEWS score (or equivalent disease severity metrics) and base-
line lactic acid levels, lactate dehydrogenase, ferritin, absolute lym-
phocyte count, neutrophil count, renal function, liver function test
including serum albumin, CRP, ESR, IL-6 and p-dimer on admission
and at the time of randomisation. We also recommend the follow-
ing:

» any ongoing and future trials should have mortality benefit as
the primary endpoint;

» where possible, all ongoing trials should change their protocol
randomisation methodologies to include other disease severity
indicators for randomisation; and

o we suggest that the sample size should be enough to ade-
quately power the trials along the same lines as the RECOVERY
trial (‘if 28-day mortality was 20% then a comparison of at least
2000 patients allocated to active drug and 4000 to usual care
alone would yield at least 90% power at two-sided P = 0.01
to detect a proportional reduction of one-fifth (a clinically rel-
evant absolute difference of 4 percentage points between the
two arms) [5,6,33]). Since the current projected mortality is
less than 20%, the sample size may have to be adjusted to
higher numbers to ensure a power of 90% for the trial.
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4.2. Need for a systematic approach to publish all of the important
baseline disease severity data

All of the baseline co-morbidities, including varying levels of
hypoxemia (PaO,/FiO, ratio), and all of the disease severity indi-
cators as listed above should be included in the published data
for observational studies and even more so for randomised tri-
als. In the case of observational cohort studies, it is essential that
the study authors match both the treatment and control groups
equally without any bias for baseline co-morbidities and all known
COVID-19 disease severity indicators, and also follow standardised
statistical methodologies to reach their conclusions.

5. Conclusions

The COVID-19 RCTs were rapidly completed on the basis of lim-
ited and imperfect available data about COVID-19 disease severity
and have limitations in yielding high-quality data based on the dis-
ease severity information that is currently known. Like any new
disease state, we are making incremental progress in our under-
standing of COVID-19 disease severity and the efficacy of thera-
peutic agents from all available data from various study designs
including RCTs and observational studies. It is prudent to rely on
the knowledge we gain both from RCTs and non-randomised stud-
ies to make treatment decisions and to design future randomised
trials for COVID-19 or any new infectious disease emergencies.
Only double-blind, placebo-controlled randomised trials when per-
formed with robust randomisation methodologies and due process
to match all treatment groups can yield valid data that can give
clinical guidance for treating COVID-19 patients.
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